The biotechnology industry has a need for business-savvy scientists; however, this is not the way scientists are traditionally trained at universities and colleges. To address this need, universities have developed Professional Science Master's (PSM) degree programs that offer advanced training in a technical field along with professional skills development through team-based projects and internships. Nearly ten years ago, the Department of Microbiology at NCSU started a PSM program in Microbial Biotechnology (MMB). This article provides an overview of the MMB program, and shares some of the lessons that we have learned.
INTRODUCTION
Universities have traditionally trained graduate students for careers in academia and industry through the same mechanism: content-based lectures and hands-on laboratory research. This mechanism develops student's individual, analytical skills often around a narrow topic or field, but may not be the best preparation for employment in industry. Industry, particularly biotechnology, has a need for employees who have good technical aptitude but who also understand business issues such as commercialization, unmet market needs, regulatory requirements, intellectual property protection, financing, and manufacturing, along with professional skills such as teamwork, flexibility, discipline, communication, and interpersonal interactions.
North Carolina is currently the third leading state in the USA for biotechnology with more than 500 companies employing over 56,800 people (1) . The bioscience sector in North Carolina is also growing, showing a 29% increase in employment from 2001 to 2008, nearly twice the growth rate of the national bioscience sector (1) . According to the North Carolina Biotechnology Center's strategic plan, this number is expected to increase to 125,000 employees by 2023 (3) . This strategic plan for the State of North Carolina, entitled New Jobs Across North Carolina, proposed growing the statewide economy through biotechnology. The plan involves a two-pronged approach of creating and attracting new biotechnology companies to the state, but this plan only works if there is an appropriately trained and educated workforce (3) . Some of the deficiencies of traditional university training are highlighted by the following quotation from the strategic plan:
"At the baccalaureate and higher level, job applicants may know the scientific theory behind biotechnology, but they often don't possess the practical skills needed to work in biotechnology R&D, biomanufacturing, and related pharmaceutical manufacturing. In North Carolina, pharmaceutical companies filled less than 15 percent of entry-level job openings with new college graduates because those graduates lacked experience and practical skills such as teamwork, project management, problem-solving, and oral and written communication. Educators at all levels often do not have a good grasp of the industrial workplace and the skills their students need to succeed on the job (3)."
As a response to the needs of industry, universities have developed the Professional Science Master's degree with the goal of tailoring the graduate education to the needs of industry (2) . The Professional Science Master's (PSM) program in Microbial Biotechnology (MMB) was initiated by the Department of Microbiology at North Carolina State University (NCSU) nearly ten years ago and accepted its first students in the fall of 2003. The MMB program is a 2-year, 40-credit-hour, interdisciplinary Master's degree program that combines coursework in science and business along with professional experience through case study projects and internships (4) . The goal of this Perspectives article is to outline the evolution of the MMB program at NCSU as an example of one approach to addressing the needs of workforce training for the biotechnology industry, and to highlight a few of the lessons learned from our experience.
DISCUSSION

History
Departmental context
Microbiology is an extremely broad discipline. The NCSU Department of Microbiology reflects this diversity, and the academic foundations of the MMB program lie in the two main areas of research specialization within the Department: host-pathogen interactions in human health, and applied microbiology. The Department of Microbiology has always offered a traditional research-based graduate program that includes both PhD and MS degrees. The Department also offers a less conventional non-thesis Master's of Microbiology (MM) degree. The extensive experience the Department has with other master's level programs was beneficial when developing the MMB program.
Getting the program started
Historically, a limited number of the Department's pre-MMB graduate students took positions in the biotechnology industry. Like most other research-oriented Departments, the large majority of the training our research graduate students receive during their studies is technical in nature and focuses on individual research projects. Consequently, our students graduate as specialized individualists with limited understanding of the business culture.
Having observed the rapid growth of the biotechnology industry in North Carolina, the Department had often envisioned a graduate degree program that could generate broadly trained "industry-ready" students able to take up a wide variety of industry positions. These ideas were crystalized in 2000, following a presentation about PSM programs made at NCSU by the Alfred P. Sloane Foundation (The Foundation). Two Microbiology faculty members subsequently submitted an application to the Foundation for seed funding to launch what would become the MMB program. These faculty members both had extensive previous interactions with industrial research sponsors and were also both intimately involved in graduate education by acting, at different times, as the Department's Director of Graduate Programs.
The Foundation provided seed funding to launch the MMB program at NCSU in 2001. The Foundation recognized the unique educational opportunities offered by NCSU within its local business environment. The large number of biotechnology companies located in the adjacent Research Triangle Park area were identified as a key resource for the MMB program. The local industries were viewed as not only potential employers for MMB program graduates, but also as potential educational partners that could guide and participate in the training of MMB students.
Initial curriculum decisions and outcomes
As the MMB program was one of the first PSM programs developed at NCSU, there were few institutional resources available at the time to guide the development of these unconventional programs. From the outset, the MMB program had strongly business-oriented outcomes. These were (a) to thoroughly prepare students to become successful professionals in the biotechnology industry; (b) to train students effectively in key practical aspects of the biotechnology industry; and (c) to establish the MMB program as a nationally recognized and respected source of leaders, managers, innovators, and entrepreneurs in the biotechnology industry.
These contrasted with the more researched-oriented outcomes for our more conventional MS program which were (a) to thoroughly prepare students to become successful professionals in microbiological-based careers in industry, government, and academia; (b) to train students to become safe, effective, and independent laboratory-based researchers; and (c) to graduate professionals who could provide leadership and expertise in microbiology at the local, state, and international levels.
The initial curriculum for the MMB program aspired to stay true to broad aims of the Foundation's PSM initiative. As a result, the curriculum included rigorous scientific coursework in Microbiology, as well as additional courses drawn from the NCSU College of Management and the Biotechnology program. These courses were selected to ensure that students obtained a fundamental understanding of microbial systems, as well as exposure to basic business issues and practical hands-on training in current techniques used in the biotechnology industry. The central and innovative feature of the MMB program was a four-semester Industry Case Studies course that involved students working directly with biotechnology companies on topical problems. As the seed funding for the program was limited, the majority of the courses that were included in the initial curriculum, other than the Case Studies course, were taken "off the shelf" with little or no modification in content. Few electives were included in the initial curriculum so that students would progress through the program as a tight cohort. Over time, the elective choices have been expanded, as the cohesion provided by the Case Studies course has proven to be far more effective than originally expected. Increased choices in elective classes are now seen as an important feature of the MMB program that allows students to tailor the program towards their own career interests.
Interactions with other academic units
Although the range of courses offered through the MMB program has changed and expanded substantially over the last decade, the fundamental structure of the program remains the same as described above and continues to be anchored by the Case Studies course. The willingness of the other partner NCSU units (College of Management and the Biotechnology program) to continue to support the MMB program undoubtedly partly reflects the fact that these units were approached very early in the program development process and have been included as partners as the program has evolved and expanded. These units have, therefore, been able to voice any initial or emerging concerns, project the impacts of increased enrollment on their own programs, and make appropriately proactive resource requests and adjustments.
A very unique aspect of the MMB program is the option that MMB students can apply to NCSU's College of Management and, if accepted and after graduation from the MMB program, can take one additional year of coursework in the MBA program and receive an MBA. NCSU's MBA program Volume 13, Number 1 and reaches sustainability at a full-time enrollment of 10 students (5) . As enrollment increases, a larger percentage of the Director's and Assistant's time can be paid for by the program. This model was not in place when the MMB program was developed, and currently the program suffers from a lack of direct and reliable funding.
The companies that are involved in the case study projects are not charged for the work done by the students. The projects are designed to be a "win-win" situation for both the company and the students. The companies volunteer time; typically one or two company employees volunteer 2-5 hours/week for the term of the project. The companies receive in return 200-300 person-hours of work by the students on the project. The students gain experience working on a specific project that is important to the client company, experience the atmosphere and dynamics of the client company, develop professional skills that will help them in their careers, and expand a professional network of contacts in the biotechnology industry.
Another area where funding is critical is financial support for students themselves. The Department of Microbiology does not provide stipend or tuition support for MMB students. The academic scores for incoming MMB students are high and at least equal to those of our research degree students. While some well-qualified MMB students have been able to obtain Teaching Assistant positions in Life Science Departments at NCSU, the numbers of these positions have steadily decreased over the last decade. The MMB program is currently seeking additional federal and state-funded support for MMB students, and is actively taking steps to provide stipend support for underrepresented students.
Selecting and supporting an MMB Program Director
One key to the success of the MMB program has been the selection of an appropriate Program Director. The MMB program, over its 10 years, has always had a Director who has worked in companies in the biotechnology industry. This direct industry experience increases credibility among the students and facilitates the development of industry interactions through the use of the Director's existing personal and professional network. The initial funding for the MMB program from the Foundation provided partial salary support for this position and additional support has been provided by the relevant College. The challenge that the program has faced is how best to configure this position, and how best to balance the academic and administrative components of the program. Again, this is an issue that was inadequately addressed when the program started and has become clearer as the MMB and other subsequent PSM programs have been launched at NCSU, but still needs improvement.
Curriculum
The current curriculum for the MMB program includes 16 credit hours of science courses, 9 credit hours of business courses, 4 semesters of Industry Case Studies (12 credit has a Bioscience Concentration that is attractive to MMB students who are interested in careers in the pharmaceutical industry. The MBA program also offers an Entrepreneurship Concentration that is appealing to MMB students who are interested in starting their own biotechnology company.
The MMB program has always had a highly involved Industrial Advisory Board that contains diverse members who represent the biotechnology industry in North Carolina. While over the years this Advisory Board has made many valuable suggestions about the scope and content of the MMB curriculum, a major oversight at the start of the program was that this Board was not asked directly about the curriculum structure. In hindsight, this was an important omission, as an established curriculum typically only slowly evolves once students are enrolled and engaged in the program. Currently, the Advisory Board is regularly asked for its input on industry trends and areas of emphasis for professional skills training.
Interactions with administrative units
The development of new Master's level programs at NCSU is a protracted process that involves interactions with many administrative units. The educational objectives of the program, its relation to the mission of NCSU, and the unique features of NCSU that indicate the program is appropriate for the university and does not duplicate similar programs at other public and private institutions within the state all need to be documented. Collectively, the approvals required to establish a new program like the MMB program can take in excess of 18 months, and it is important that key individuals within the Graduate School and College administration are included and supportive of the program and its goals.
Funding
Since its inception, the relevant College administration has been highly supportive of the MMB program and has provided financial resources that are largely commensurate to the growth of the program. These resources have included salary support for a Program Director and an administrative assistant. While many of these resource allocations were established in advance and were tied to program growth, one area where support has been less than ideal is an operating budget. Major expenditures for the program beyond faculty and staff include advertising and recruiting costs, the costs involved in facilitating the Case Studies course (travel for meetings and conferences, room rental and refreshments for project presentations), and other activities required to maintain the strength and quality of this program.
With the growth of PSM programs on the NCSU campus, a standardized funding mechanism has slowly evolved that allows some tuition receipts to be returned to Departments offering PSM programs. This funding model allows for a part-time Director (25% FTE), a part-time Assistant (50%), a program operating budget, "buy-out" of instructor time in other departments for courses required by the program,
Industry interactions
A distinctive and central feature of the MMB program is the intensive professional training that is provided through close collaborations with industry professionals from local biotechnology companies. These collaborative interactions are integrated into a required four-semester Industry Case Studies class. Students also obtain direct industry experience through a required internship completed in the summer between their first and second years in the program. Each semester, in the Case Studies course, a team of 4-7 students works with a biotechnology company for 8-10 weeks on a company-specific problem. A representative set of recent case study projects is listed in Table 4 . Case study projects vary every semester and with each company, but typically involve market, commercialization or technology analysis. Development of case study projects has been primarily a responsibility of the MMB Program Director and has relied on the Director's contacts with the local industry. It has required continuous interaction with industry professionals, cultivation of relationships, and marketing of the MMB program to companies.
The projects culminate with each team writing a final report for the sponsoring company, giving a confidential presentation to their case study company, and giving a nonconfidential presentation to their class peers, Department of Microbiology faculty and students, as well as invited hours), and a summer internship (3 credit hours). Within the 16 credit hours of science courses, MMB students are required to complete two core, graduate-level courses in Microbiology (Table 1) , three lab-based courses in biotechnology or biomanufacturing, and a science elective. The flexibility in the course selection is intended to allow students to customize their coursework to match their career goals and interests. Similarly, within the 9 credit hours of business courses, students can select from a variety of MBA-level business courses ( Table 2 ). The MBA courses the students take in the MMB program will count towards their MBA curriculum if they choose to pursue the third-year MBA option.
As an example, a representative MMB curriculum for a student with interests in immunology and pathogenesis is summarized in Table 3 . This curriculum would be appropriate for a student whose career goals include employment in the vaccine industry. Other curricula could be set up for students with an interest in biofuels, industrial enzymes, biopharmaceuticals, medical diagnostics, and medical devices. industry guests. In the Case Studies course, students also gain a working knowledge of the business components of biotechnology through presentations by industry experts on intellectual property, regulatory affairs, funding, starting a biotech company, and commercialization. Throughout the Case Studies course, professional skills such as teamwork, flexibility, leadership, discipline, written and oral communication, and ambiguity management are emphasized and practiced.
Lessons learned
• PSM programs, being relatively new, are not well known by students, industry professionals or companies. This requires a lot of marketing and promotion to both prospective students and potential case-study companies.
• Generally, the MMB program has attracted students who have a science background, but who are not interested in research-based careers and the traditional MS or PhD track in graduate school. Offering a PSM degree can attract students who might not be interested in traditional research-oriented graduate degrees.
• A Director or staff member who has worked in industry or has ties to industry can greatly facilitate the establishment of industry interactions, case study projects, and internships.
• Developing a strong relationship with the local biotechnology industry is very important. Regular meetings with an Industry Advisory Board (required for PSM affiliation), attending biotechnology conferences and industry networking events, participation in Career Fairs, and continuous one-on-one networking with industry professionals have all been valuable for us. The best ambassadors of the program, however, are the program's alumni out in the workforce, and the current students through their internships and case study projects.
• Case study projects that involve market, business or technology analysis, assessment of product or process improvements, or writing an SBIR grant make better projects than ones that involve wet lab work.
• Companies are generally receptive to hosting a case study project but there has to be a clear, justifiable benefit to the company. Many companies have found it beneficial to use the student teams to research and evaluate areas that the company can't justify devoting internal resources to but are still of interest. Many of the MMB case study projects have involved analysis of the application of a company's core technology to new or emerging markets. For several of the small companies that the MMB program has worked with, the student teams have researched and written all or part of an SBIR grant.
• Students, particularly first-year students with no previous work experience, often find the open-ended, ambiguous nature of most case study projects challenging. Some students appear to think that the instructors or the companies have the "right" answer to the project and are withholding it from them. We often tell the students that the companies don't know the answer, that's why the companies want to do the project.
• The current financial climate at most universities is challenging; however, when establishing a PSM degree program include a sustainable operating budget from the beginning.
CONCLUSION
The Master's of Microbial Biotechnology degree at NCSU was established to train students for employment in the biotechnology industry. The MMB program has 66 graduates, to date. Of these, we have employment information on 60. Forty-four (73%) are employed in industry, with 34 working in biotech/pharma/healthcare and 10 working in other industries. Six graduates of the MMB program are continuing their education in PhD, MD or MBA programs. Seven graduates are working in education, academic research labs, or for the state or federal government, and three graduates are unemployed or underemployed. The average salary of an MMB graduate is over $60,000. The skills and training provided by a PSM degree in Microbial Biotechnology satisfy a need in the biotechnology industry. We hope the lessons that we have learned and shared in this article will help others develop and improve their institutions' PSM programs.
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